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The goal of the project was to create a commercially competitive ball pump. 
Therefore, a very practical testing approach was taken for determining the performance 
of the pump. The pump was tested by several different users on different ball types. The 
time that it took to pump the ball was recorded as well as the users response to operating 
the pump. These pump times were then compared to the results from the computer model. 
The main result of the testing was determining that the maximum comfortable operating 
pressure of the Mini Pump is approximately 6-7 psi depending on the user. Most sports 
balls have recommended inflation pressures greater than 6 psi. The recommended 
inflation pressure of a volleyball is 3-4 psi. This is within the operation range of the Mini 
Pump. The Mini Pump can successfully inflate volleyballs from soft to firm within 15-20 
seconds. Figure __ summarizes recommended inflation pressures of common ball types 
and shows the Mini Pump’s operating region. 
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In general users were not satisfied with the pumping motion of the Mini Pump. As 
predicted, the torque required to operate the pump fluctuated with each revolution. This 
fluctuation proved to be not ergonomic. It created a choppy feeling not associated with 
commercial quality products. The static friction of the seal in the pump is significantly 
higher than the dynamic friction of the seal once the cylinder is in motion. Because of 
this, the pump is difficult to get going. At slow operating speeds were static friction 












































































































































Excerpts from the following patents are included in the pages that follow: 
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JK36-$L/M-$4.8$ ?"#""$ '"#""$ '"#""$ &+#""$ '"#""$ &+#""$ &+#""$
A:3>/0-$N;/6/;K$4D8$ "#+%$ "#+%$ "#+%$ "#+%$ "#+%$ "#+%$ "#+%$
12G3-..$B/-6C$4D8$ "#@%$ "#@%$ "#@%$ "#@%$ "#@%$ "#@%$ "#@%$
OFM7-2$GP$J:Q/;/-.$ )#""$ )#""$ )#""$ *#""$ *#""$ +#""$ )#""$
RGF2.5B-:2$A:3>/0-$/.$EQ:/6:76-$ *("""$ *("""$ *("""$ *("""$ *("""$ *("""$ *("""$
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L:V-.WS-H2-3/:;/G0$4!5>8$ ?#?"$ ?#?"$ ?#?"$ ?#?"$ ?#?"$ ?#?"$ ?#?"$
N;/6/;/-.$4!5>8$ '#9%$ '#9%$ '#9%$ '#9%$ '#9%$ '#9%$ '#9%$
X-66/0=$YVH-0.-.$4D8$ "#&"$ "#&"$ "#&"$ "#&"$ "#&"$ "#&"$ "#&"$
,-;F20$G0$T0Q-.;M-0;$4,UT8$ "#'"$ "#'"$ "#'"$ "#'"$ "#'"$ "#'"$ "#'"$
AG6C$JG.;$4!8$ &'("""$ 9(%""$ 9(%""$ %("""$ %("""$ %("""$ &"("""$
AG6C$E2MG;/Z:;/G0$4!5&"""8$ &*"#""$ &""#""$ &""#""$ **#*9$ **#*9$ ??#??$ &??#??$
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RGF26K$A:3>/0-$,:;-$4!5>8$ )*#"9$ )*#"9$ )*#"9$ )*#"9$ )*#"9$ )*#"9$ )*#"9$
J:H:3/;K5B-:25AG6C$ '(?'%(*""$ ?()++()""$ ?()++()""$ %(+&)("""$ %('?'(*""$ 9(9%'("""$ ?(+9*("""$
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A/66$JG.;$4!5&"""8$ 9*#*%$ '9#?+$ '9#?+$ '?#?@$ '&#9&$ +#++$ &9#%9$
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12GP/;$G0$<G2]/0=$J:H/;:6$4!5&"""8$ %#&&$ &#+?$ &#+?$ &#%*$ &#)%$ "#%@$ &#&9$
LG;:6$12GP/;$4!5&"""8$ '*#?@$ &*#"'$ &*#"'$ &"#"9$ &"#@&$ *#@+$ &?#@)$
X-66/0=$12/3-$4!5&"""8$ &&'#@+$ )9#*%$ )9#*%$ ?*#9'$ ?%#9@$ &9#)?$ ?)#*?$
N.-2^.$12/3-$4!5&"""8$ '9'#@+$ &)9#*%$ &)9#*%$ &"?#?+$ &"'#)*$ %"#9*$ &*9#@9$
$ $ $ $ $ $ $ $
$ $ $ $ $ $ $ $
LG;:6$A:0FP:3;F2-2$
4!5&"""8$
!@@'#+)$ $ $ $ $ $ $
'$_:6Q-.$4!5&"""8$ !&""#""$ $ $ $ $ $ $
`2/0=$4!5&"""8$ !9"#""$ $ $ $ $ $ $
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$ )f%$ e%("""$ $ $ $ $ $
$ *f+$ %("""f&"("""$ $ $ $ $ $
$ @f&&$ &"("""f'"("""$ $ $ $ $ $
$ &'f&)$ '"("""f?"("""$ $ $ $ $ $
$ &%f&9$ ?"("""f)"("""$ $ $ $ $ $
$ &+f'"$ )"("""f%"("""$ $ $ $ $ $
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CKD BY:  INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  1/10/12
NEXT ASSY: SCALE:  1 : 1
UNITS:  INCHES
DWG #:  PA01
MATERIAL:   ABS
TITLE:  MINI PUMP ASSEMBLY
GROUP:  MINI PUMP
DRAWN BY:  BRITTA BERG-JOHANSENMINIPUMP 2011-2012
8) ITEM NO.15 SCREWS INTO ITEM NO.14
7) ITEM NO.14 IS PRESS FIT INTO BOTTOM OF CASE
6) ITEM NO.13 IS FOR EXPANSION STROKE VALVE SEAT
5) ITEM NO.12 IS FOR COMPRESSION STROKE VALVE SEAT
4) ITEMS NO.12 AND NO.13 ARE MINI-VALVE PART NUMBERS
    NO.9, AND NO.10
3) DRIVER IS BOLTED TO HAND CRANK USING ITEMS NO.7, 
2) O-RING FITS AROUND GLAND ON PISTON
    AND NO.7
1) CASE IS SCREWED TO TOP CASE USING ITEMS NO.6 
NOTES:
ITEM NO. PART NUMBER DESCRIPTION QTY
1 P101 OUTER CASE 1
2 P102 CASE TOP 1
3 P103 DRIVER WITH WAVE 1
4 P104 HAND CRANK 1
5 P105 PISTON 1
6 #4 X 3/8" MACHINE SCREW 4
7 #4 FLAT WASHER 6
8 2" O.D. x .103" O-RING 1
9 #4 X .5" 32 TPI BOLT 2
10 #4 HEX NUT 2
11 CRANK KNOB ASSEMBLY 1
12 CV082.001-154.01 DUCKBILL VALVE 1
13 UM085.004-151.01 UMBRELLA VALVE 1
14 THREAD INSERT 1
15 INFLATION NEEDLE 1
     THE INFLATION NEEDLE
NOTES:





NEXT ASSY: PA01 SCALE: 1 : 1
UNITS:  INCHES
DWG #:  P101
MATERIAL:  ABS
TITLE:  OUTER CASE
GROUP:  MINI PUMP
DRAWN BY:  BRITTA BERG-JOHANSEN CKD BY:  INIT:  INIT:  
5 4 3 2
MINIPUMP 2011-2012
  2.406  
  1.740  
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    SLIDING FRICTION BETWEEN DRIVER AND CRANK
NOTES:
1) FEATURES 1 AND 2 ARE RUB RAILS DESIGNED TO REDUCEBOTTOM VIEW
TITLE:  CASE TOP
GROUP:   MINI PUMP
DRAWN BY:  BRITTA BERG-JOHANSEN CKD BY:  INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  1/7/12
NEXT ASSY:  PA01 SCALE:  1 : 1
UNITS:  INCHES
DWG #:  P102
MATERIAL:   ABS
MINIPUMP 2011-2012
 .500 
INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  1/7/12
NEXT ASSY:  PA01 SCALE:  2 : 1
UNITS:  INCHES
DWG #:  P103
MATERIAL:  ABS
TITLE:  DRIVER WITH WAVE
GROUP:  MINI PUMP
DRAWN BY:  BRITTA BERG-JOHANSEN CKD BY:  MINIPUMP 2011-2012
NOTES:
1) SLIDER WAVE SHOWN HAS AN AMPLITUDE OF .20" (STROKE OF .40")
2) SLOT ON DRIVER TOP MATES WITH CRANK TO PROVIDE TORQUE STRENGTH














1) THROUGH HOLE AT CRANK END IS FOR CRANK KNOB. FOR 
    PROTOTYPE, CRANK KNOB WILL BE A BOLT AND SPACER SLEEVE
2) THE REMAINING TWO THROUGH HOLESARE FOR BOLTING
    CRANK TO DRIVER
INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  1/7/12
NEXT ASSY: PA01 SCALE:  1 : 1
UNITS:  INCHES
DWG #:  P104
MATERIAL:  ABS
TITLE:  HAND CRANK
GROUP:  MINI PUMP
































 .720  .660 
 .580 
DETAIL B 





1) GLAND DIMENSIONS ARE ADAPTED FROM
     PARKER O-RING DATA
2) .103" O-RING WITH 2" O.D.
INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  1/10/12
NEXT ASSY: PA01 SCALE:  1 : 1
UNITS:  INCHES
DWG #:  P105
MATERIAL:  ABS
TITLE:  PISTON
GROUP:  MINI PUMP
DRAWN BY:  BRITTA BERG-JOHANSEN CKD BY:  MINIPUMP 2011-2012
NOTES:
1) CASE IS SCREWED TO TOP CASE USING ITEMS NO.8
     AND NO.9
2) X-RING FITS AROUND THE GLAND ON ITEM NO.7
3) DRIVER IS BOLTED TO HAND CRANK USING ITEMS NO.9,
    NO.11, AND NO.12
4) ITEMS NO.14 AND NO.15 ARE MINI-VALVE PART NUMBERS
5) ITEM NO.14 IS FOR COMPRESSION STROKE VALVE SEAT
6) ITEM NO.15 IS FOR EXPANSION STROKE VALVE SEAT
7) ITEM NO.16 IS PRESS FIT INTO BOTTOM OF CASE
8) ITEM NO.17 SCREWS INTO ITEM NO.16
9) ITEM NO.7, GLAND CAP, IS NOT SHOWN
ITEM NO. PART NO. DESCRIPTION QTY.
1 P201 OUTER CASE 1
2 P203 DRIVER WITH WAVE 1
3 P206 CYLINDER 1
4 P205 PEG STAND 2
5 P202 CASE TOP 1
6 P204 HAND CRANK 1
7 P207 GLAND CAP 1
8 #4 X 3.8" MACHINE SCREW 4
9 #4 FLAT WASHER 4
10 4444-119 5716 1.125" O.D. X .103" X-RING 1
11 #4 X .5" 32 TPI BOLT 2
12 #4 HEX NUT 2
13 CRANK KNOB ASSEMBLY 1
14 CV082.001-154.01 DUCKBILL VALVE 1
15 UM085.004-151.01 UMBRELLA VALVE 1
16 THREAD INSERT 1
17 INFLATION NEEDLE 1
DWG #:  PA02
MATERIAL:  ABS
TITLE:  MINI PUMP V2 ASSEMBLY
GROUP:  MINI PUMP
DRAWN BY:  STEPHEN SCRUGGS CKD BY:  INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  1/31/12










1) BORE ON BOTTOM IS FOR MATING WITH THREAD 
INSERT FOR THE INFLATION NEEDLE
DRAWN BY:  STEPHEN SCRUGGS CKD BY:  INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  1/31/12
NEXT ASSY: PA02 SCALE: 1 : 1
UNITS:  INCHES
DWG #:  P201
MATERIAL:  ABS
TITLE:  CASE

























DWG #:  P202
MATERIAL:  ABS
TITLE:  CASE TOP
GROUP:  MINI PUMP
DRAWN BY:  BRITTA BERG-JOHANSEN CKD BY:  INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  2/14/12




1)FEATURES 1 AND 2 ARE RUB RAILS DESIGNED TO REDUCE SLIDING























GROUP:  MINI PUMP
DRAWN BY:  STEPHEN SCRUGGS CKD BY:  INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  1/31/12
NEXT ASSY: PA02 SCALE: 1 : 1
UNITS:  INCHES









1) SLIDER WAVE SHOWN HAS AN AMPLITUDE OF .30" (STROKE OF .60")
2) SLOT ON DRIVER TOP MATES WITH CRANK TO PROVIDE TORQUE STRENGTH








1) THROUGH HOLE AT CRANK END IS FOR CRANK KNOB.
2) REMAINING TWO THROUGH HOLES ARE FOR BOLTING
     CRANK TO DRIVER
GROUP:  MINI PUMP
DRAWN BY: BRITTA BERG-JOHANSEN CKD BY:  INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  2/14/12
NEXT ASSY: PA02 SCALE: 1 : 1
UNITS:  INCHES
DWG #:  P204
MATERIAL:  ABS





 .305  .250 
 
 2.850 











 .100  2X .200 
INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  2/14/12
NEXT ASSY: PA02 SCALE: 2 : 1
UNITS:  INCHES
DWG #:  P205
MATERIAL:  ABS
TITLE:  ATTACHMENT POST
GROUP:  MINI PUMP




























DRAWN BY:  BRITTA BERG-JOHANSEN CKD BY:  INIT:  INIT:  
5 4 3 2 1
TOLERANCE:  
DATE:  2/14/12
NEXT ASSY: PA02 SCALE: 1 : 1
UNITS:  INCHES
DWG #:  P206
MATERIAL:  ABS
TITLE:  CYLINDER




1) GLAND DIMENSIONS ARE ADAPTED FROM PARKER O-RING DATA
2) .103" O-RING WITH 1.125" O.D.
DATE:  2/14/12
UNITS:  INCHES
5 4 2 13
DRAWN BY: STEPHEN SCRUGGS CKD BY:INIT: INIT:
TOLERANCE:  
NEXT ASSY:  PA02
GROUP:  MINI PUMP




DWG #:  P207
 1.075 
 .705 
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 3.0° 
